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Abstract
A growth trial was conducted to evaluate the effect of a mixture of soybean meal and Chlorella meal
(SCM) as a dietary fishmeal (FM) substitute on growth performance, apparent digestibility coefficients
(ADCs), digestive enzymatic activities, and histology of juvenile crucian carp, Carassius auratus. Five
isonitrogenous and isoenergetic diets were formulated to replace 0 (SCM0), 25 (SCM25), 50 (SCM50),
75 (SCM75), and 100% (SCM100) of protein from FM with SCM, respectively. The diets were fed
to triplicate groups of juvenile crucian carp for 6 wk. Weight gain, specific growth rate, feed intake,
protein efficiency ratio, and intestinal digestive enzymatic activities (amylase, trypsin, and lipase) tended
to decline with increasing FM replacement levels (P > 0.05). Dietary SCM substitution significantly
influenced dry matter content in muscle, and crude protein and lipid contents in liver (P < 0.05). ADCs
for dry matter, protein, lipid, energy, and most amino acids showed no significant differences between
the control and SCM25 group, but tended to decline with replacement levels over 25%. Higher SCM
substitution (50–100%) caused karyopyknosis and necrosis in liver, but intestinal histology did not show
noticeable pathological changes. The present study indicated that FMcould be replaced by 25%of SCM,
without significant adverse growth performance, feed utilization, and histology of crucian carp.
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Crucian carp,Carassius auratus, is a dominant
freshwater fish that has become one of the largest
aquaculture species in China (Cai et al. 2012).
The rapid expansion of crucian carp farming
largely depends on the increased production of
aquafeeds, which generally constitute 50–60%
of the total cost in aquaculture (Hardy and Tacon
1 Correspondence to: luozhi99@mail.hzau.edu.cn;
luozhi99@aliyun.com
2002; Cai et al. 2013). The growth and devel-
opment of crucian carp requires high dietary
protein and the diets normally contain a high
level of fishmeal (FM), which is a major protein
source of aquaculture feeds because of its bal-
anced essential amino acids (EAAs) and good
palatability (Hu et al. 2008; Luo et al. 2011).
However, the increasing demands andworld sup-
ply fluctuations of FM in the last decade have
seriously restricted the sustainable development
© Copyright by the World Aquaculture Society 2017
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of aquaculture (Olsen and Hasan 2012). Thus,
searching for alternative protein sources for FM
in the diets of aquatic species has become an
urgent task for the aquafeeds industry (Gatlin
et al. 2007; Hardy 2010). Nowadays, a number
of studies have achieved considerable success in
partially or totally replacing FM with plant pro-
tein sources, such as cottonseed meal (Gui et al.
2010), soybean meal (SBM) (Cai et al. 2012),
rapeseedmeal, peanut meal (Cai et al. 2013), and
potato protein concentrate (Xie et al. 2001), in
crucian carp.
Among such alternatives, SBM is considered
to be the most promising alternative for FM
because of its balanced amino acid (AA) profile,
easy availability, reasonable price, and steady
supply (Hardy 2010). Nowadays, different types
of SBM products have been widely studied in
diets of some commercially important aquatic
species, such as grouper, Epinephelus coioides
(Luo et al. 2004); rainbow trout, Oncorhynchus
mykiss (Yang et al. 2011); silver crucian carp,
Carassius auratus gibelio♀×Cyprinus carpio♂
(Cai et al. 2012); and Japanese seabass, Lateo-
labrax japonicas (Li et al. 2014). However, total
replacement with SBM without adverse effects
on fish species remains challenging, and high
inclusion levels of SBM in diets often reduce
growth performance and negatively affect fish
metabolism and health status due to the exis-
tence of antinutritional factors (ANFs) in SBM,
such as protease inhibitors, lectins, phytic acid,
saponins, and antivitamins (Francis et al. 2001;
Wang et al. 2016).
On the other hand, as one of the new single-cell
sources, microalgae has received considerable
attention in the aquafeeds industry because of its
richness in protein, vitamins, polysaccharides,
polyunsaturated fatty acids, and microelements
(Spolaore et al. 2006; Hemaiswarya et al. 2011).
Among the microalgae, Chlorella, which is a
quite promising source of protein, is widely
distributed and easily cultured in outdoor ponds
(Huo et al. 2012). In recent years, Chlorella
meal (CM) has been successfully used as a feed
additive (Kim et al. 2002; Xu et al. 2014) or
alternative protein source (He et al. 2014) in
aquafeeds to improve weight gain (WG) and
carcass quality of fish.
Generally, the replacement of FM by a single
plant protein has certain limitations, including
a deficiency or imbalance in EAAs, the pres-
ence of ANFs, indigestible carbohydrates, and
decreased palatability (Cai et al. 2013). A sim-
ple strategy to overcome these drawbacks is to
use a combination of multiple protein sources in
diets of fish (Xie et al. 2001; Luo et al. 2011).
Thus, the blend of SBM and CM may mask
the unpalatable substances present in SBM, bal-
ance nutritional composition, and consequently
improve growth performance of fish (Kader and
Koshio 2012).
Crucian carp, with omnivorous feeding habits,
could make more efficient use of high levels of
dietary vegetable protein (Silva et al. 2010). A
recent study successfully determined the possi-
bility of dietary FM replacement by CM in diets
for crucian carp (Shi et al. 2015). However, the
use of a combination of CM protein with other
plant proteins as an alternative protein source
in diets for this species has not been investi-
gated before. Therefore, the present experiment
was conducted to evaluate the effect of gradually
replacing FM by mixed SBM and CM (SCM) on
growth performance, feed utilization, digestibil-
ity, digestive enzymatic activities, and histology
of juvenile crucian carp. It is anticipated that the
results will provide meaningful information to
the crucian carp industry.
Materials and Methods
Diet Preparation
Five isonitrogenous (380 g/kg crude protein)
and isoenergetic (16 kJ/g gross energy) practi-
cal diets were formulated by replacing 0, 25, 50,
75, and 100% of FM with a mixture of SBM
and CM (SCM) (at a ratio of 3:2), and the rel-
evant diets were designated as SCM0, SCM25,
SCM50, SCM75, and SCM100 according to the
percentage of replacement in the diet. Ingredi-
ents and proximate compositions of the exper-
imental diets are presented in Table 1 and AA
contents are shown in Table 2. In the experi-
ment, freeze-dried CMwas obtained from Panjin
Guanghe Crab Co., Ltd. (Panjin, China). SBM
was produced by Jiusan Oils & Grains Industries
Group Co., Ltd. (Dalian, China).
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Table 1. Ingredients and proximate composition of the
experimental diets (g/kg dry matter).
Experimental diets
Items SCM0 SCM25 SCM50 SCM75 SCM100
Ingredients
Fishmeal1 520.0 390.0 260.0 130.0 0.0
Soybean meal2 0.0 114.0 228.0 342.0 456.0
Chlorella meal3 0.0 76.0 152.0 228.0 304.0
Maize starch 186.1 174.7 163.3 151.9 140.5
Soybean oil 17.3 20.5 23.6 26.8 30.0
Binder4 20.0 20.0 20.0 20.0 20.0
Vitamin mix5 10.0 10.0 10.0 10.0 10.0
Mineral mix6 20.0 20.0 20.0 20.0 20.0
Ca(H2PO4)2 10.0 10.0 10.0 10.0 10.0
Cellulose7 216.4 164.6 112.9 61.1 9.3
Y2O3 0.2 0.2 0.2 0.2 0.2
Proximate composition
Dry matter 967 967 968 958 963
Crude protein 382 384 385 388 391
Crude lipid 122 123 127 123 126
Ash 128 102 102 97 103
Gross energy
(kJ/g)
15.9 15.7 15.9 16.7 16.3
1Fishmeal: crude protein 663 g/kg, steam-dried fishmeal,
produced by Technologica De Alimentos S.A., Chimbote
Plant, Peru.
2Soybean meal: crude protein 445 g/kg, produced by
Jiusan Oils & Grains Industries Group Co., Ltd (Dalian,
China)
3Chlorella meal: crude protein 468 g/kg.
4Binder: Henan Jianjie Shiye Co., Ltd. (Zhengzhou,
China).
5Vitamin mix: Wuhan Huayang Tianle Animal Health
Products Co., Ltd. (Wuhan, China).
6Mineral mix: DandongYida Feed Additive Factory (Dan-
dong, China).
7Cellulose: Anhui Sunhere Pharmaceutical Excipients
Co., Ltd. (Anhui, China).
All ingredients were finely ground, weighed,
mixed manually for 5min, and then transferred
to a mixer for another 15-min mixing. During
the mixing, yttrium oxide (Y2O3) was added as
an inert marker at a concentration of 0.2 g/kg
for nutrient digestibility determination. Soybean
oil was then added slowly while mixing was
still continuing, and all ingredients were mixed
for another 10min. Lastly, distilled water was
added (15%, v/w) to form a dough. A dough of
even consistency was passed through a pelletizer
with a 2.0-mm-diameter die. The diets were
dried at 70C overnight, and the dry pellets were
placed in sealed plastic bags and stored at −20C
until used.
Table 2. Amino acid composition of the experimental
diets (g/kg dry matter).
Experimental diets
SCM0 SCM25 SCM50 SCM75 SCM100
Essential amino acids (EAAs)
Met 7.3 6.8 5.7 5.0 5.1
Thr 15.5 14.2 13.9 14.8 14.6
Val 20.2 19.1 18.4 20.3 17.8
Ile 17.4 16.1 16.5 17.7 16.3
Leu 27.8 26.5 27.5 28.3 26.9
Phe 15.5 15.9 16.6 18.1 16.8
His 9.3 9.1 8.8 8.7 8.5
Lys 20.4 18.1 16.2 14.8 15.4
Arg 21.6 22.3 21.5 22.9 21.5
Nonessential amino acids (NEAAs)
Asp 33.8 32.7 31.5 35.0 34.5
Glu 51.1 49.5 48.3 54.3 51.1
Ser 13.0 12.5 13.9 14.5 14.2
Pro 14.3 14.9 14.4 16.9 15.7
Gly 24.7 23.1 20.1 18.3 19.1
Ala 23.3 22.1 19.8 19.5 19.7
Tyr 8.8 8.4 7.8 9.7 8.8∑
AA 324.0 311.3 300.9 318.8 306.0∑
EAA 155.0 148.1 145.1 150.6 142.9∑
NEAA 169.0 163.2 155.8 168.2 163.1
AA= amino acid.
Fish and Feeding Trial
The experiment was conducted in an indoor
semi-static aquarium system of Panjin Guanghe
Crab Co. Ltd. A total of 800 juvenile crucian
carp were obtained from a local aquaculture
farm (Panjin, China). Before the beginning of
the experiment, fish were transported to the
laboratory and kept in 20,300-L circular fiber-
glass tanks for a 14-d acclimation period. During
the acclimation period, the fish were fed the con-
trol diet (SCM0) to satiation twice daily in order
to acclimate them to the experimental conditions
and diets. Afterward, 375 uniform-sized fish
(mean weight: 2.08± 0.02 g, mean± SEM)were
randomly stocked in 15,300-L circular fiberglass
tanks, with 25 fish for each tank. Each experi-
mental diet was randomly allotted to three repli-
cate tanks. The tanks were continuously aerated
to maintain the dissolved oxygen level at satura-
tion. All rearing water was renewed 30% daily
with dechlorinated tap water from a cement tank
to maintain acceptable water quality parameters.
Fish were fed by hand at a rate equaling 4–7% of
wet body weight per day, twice daily (0830 and
FISHMEAL REPLACEMENT FOR CRUCIAN CARP 773
1600 h), and feeding ration was adjusted accord-
ing to the feeding situation. The amount of feed
consumed by the fish in each tank was recorded
daily, and uneaten feed was collected 20min
after feeding to avoid contamination of feces
with uneaten feed. Feces were collected from
the tank three times per day within a 6-h period
after feeding. They were gently siphoned from
the fiberglass tanks onto a 150-μm screen, rinsed
with distilled water, freeze dried (Labconco Cor-
poration, Kansas City, MO, USA) at −55C, and
stored at −20C until chemical analysis. Only
feces that remained intact were kept for chem-
ical analysis (Goytortúa-Bores et al. 2006; Luo
et al. 2008). Fecal collections started from the
second week and continued for 4 wk. Fish were
weighed every 2 wk to monitor growth and were
fasted for 24 h before weighing, and tanks were
thoroughly cleaned when weighing. Mortality
was checked daily. The experiment continued
for 6 wk.
The experiment was conducted at ambient
temperature and subjected to natural photope-
riod (ca. 14-h light/10-h dark). Water qual-
ity parameters were monitored twice a week
in the morning. The ranges of the parameters
were as follows: temperature, 19.7–27.5 C; dis-
solved oxygen≥ 6.0mg/L, pH 8.1–8.4, and total
ammonia–nitrogen, 0.048–0.082mg/L.
Sampling
At the end of the experiment, approximately
24 h after the last feeding, all fish were counted
and weighed to determine survival rate (SR),
WG, and specific growth rate (SGR). After
obtaining the final total weight of fish in each
aquarium, five fish per tank were randomly
selected and dissected on ice. The anterior
intestines of two fish were removed immedi-
ately using sterile forceps, and then fixed in 10%
neutral buffered formalin for histological obser-
vation. The whole intestine samples of another
three fish were removed immediately using ster-
ile forceps, frozen in liquid nitrogen, and stored
at −80C (not longer than 2 wk) for digestive
enzymatic activities analysis. A total of 10 fish
per tank were randomly collected, measured in
length and body weight, and condition factor
(CF) was calculated. The fish were then dis-
sected on ice to obtain liver and white muscle
samples, and viscerosomatic index (VSI) and
hepatosomatic index (HSI) were also calculated.
Liver and muscle samples were kept at−80C for
subsequent determination of proximate compo-
sition values.
Chemical Analysis and Digestibility
Determination
Moisture content was determined by drying
samples to a constant weight in a freeze-dryer
(LabconcoCorporation) at −50C for 48 h and
calculated as percent of water loss. Crude pro-
tein, ash, and lipid contents of tissues, feces,
and experimental diets were determined accord-
ing to AOAC (1995) methods. Briefly, crude
protein (N× 6.25) was determined by the Kjel-
dahl method after acid digestion using an auto
Kjeldahl System (Shanghai, China). Crude lipid
was determined by the ether-extraction method,
and ash was determined using a muffle furnace
at 550C for 8 h. The energy value of the diets
and feces were determined using a calorime-
ter (6200 Isoperibol Calorimeter, Moline, IL,
USA). For determination of yttrium concen-
trations, dry feces and experimental diet sam-
ples were ground into powder and pretreated as
described by Guo et al. (2006), and yttrium con-
tent was measured using Inductively Coupled
Plasma-Optical Emission Spectroscopy (Optima
8000DV, PerkinElmer, Norwalk, CT, USA) after
perchloric acid digestion (Ren et al. 2015). AA
concentrations were analyzed using an auto-
matic AA analyzer (Hitachi Model 835–50,
Tokyo, Japan) according to the Chinese standard
for AA analysis (GB/T 18246–2000, China).
Tryptophan could not be measured because of its
degradation during acid hydrolysis. All chemical
analyses (from each tank) were done in dupli-
cate.
Apparent digestibility coefficients (ADCs) of
dry matter (DM), nutrients, and energy of the
diets were calculated using the formula as fol-
lows (Ren et al. 2015):
ADC of DM (%) =
(
1 –
[
dietary Y2O3
∕fecal Y2O3
])
× 100
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ADC of nutrients or energy (%)
=
(
1 –
[
dietary Y2O3∕ fecal Y2O3
]
×
[
fecal nutrient or energy
∕dietary nutrient or energy
])
× 100
Determination of Digestive Enzymatic Activities
Intestinal samples were homogenized on ice
in 10 volumes (w/v) of ice-cold physiological
saline, and homogenates were centrifuged at
12,000 g for 20min at 4 C, according to the mod-
ified method of Wu et al. (2013) and Vizcaíno
et al. (2014). The supernatant was separated for
enzyme analysis. Then the enzyme activities
of amylase, trypsin, and lipase were assayed
by commercial kits from Nanjing Jiancheng
Bioengineering Institute (Nanjing, China). The
enzymatic activities were expressed in units (U).
One unit (1U) of amylase was defined as 1mg
of enzyme that hydrolyzed 10.0mg starch in
30min at 37C; and 1 U of trypsin was expressed
as 1mg of enzyme that generated an optical
density change of 0.003 in 1min at 37C and
pH 8.0; and 1 U of lipase was defined as 1mg of
enzyme that hydrolyzed 1 μmol of substrate in
1min at 37C.
Observation of Anterior Intestine and Liver
Histology
Histological analyses were performed accord-
ing to the method described in previous studies
(Chen et al. 2012; Liu et al. 2013). Briefly,
anterior intestine and liver samples were dehy-
drated in graded concentrations of ethanol
and then embedded in paraffin wax. Sagittal
sections of 5–7 μm thickness were stained
with hematoxylin–eosin and then prepared for
observation by a Nikon Eclipse 80i microscope
(Nikon Corporation, Kanagawa, Japan). We ran-
domly examined 10 microscope fields for each
sample, and the results from individual observa-
tion were then combined for the overall results.
Statistical Analyses
Quantitative data were presented as
mean± SEM. Prior to statistical analyses,
all data were tested for normality of distribution
using the Kolmogorov–Smirnov test. Then,
data from each treatment were subjected to
one-way ANOVA. When overall differences
were significant (P< 0.05), Tukey’s multiple
range test was used to compare the significant
differences among the treatments. Statistical
analysis was performed using the SPSS 19.0 for
Windows (SPSS, Chicago, IL, USA).
Results
Growth Performance, Nutrient Utilization,
and Morphological Parameters
The proximate chemical composition (Table 1)
was similar in all experimental diets. The AA
content (Table 2) in dietary SCM replacement
groups was slightly lower than the control group.
There were no significant differences among
dietary treatments for SR at the end of the feed-
ing trial (Table 3). In the present study, WG
rate (WGR), SGR, feed intake (FI), and pro-
tein efficiency ratio (PER) tended to decline with
increasing dietary SCM substitution levels, but
the values in the SCM25 group were not signifi-
cantly different compared with the control group
(P> 0.05). Feed conversion ratio (FCR) showed
the opposite trend with PER. For morphological
parameters, dietary SCM substitution decreased
the HSI, VSI, and CF, but no statistical differ-
ences were observed between the SCM25 group
and the control group (P> 0.05).
Proximate Composition of Muscle and Liver
The muscle and liver proximate composition
of crucian carp are given in Table 4. No signifi-
cant differences were detected for crude protein,
lipid, and ash contents in muscle among dietary
treatments (P> 0.05). Muscle DM content
was variable and not related to dietary treat-
ments. Hepatic crude protein and lipid contents
increased with SCM levels to 50% and then
declined with higher SCM levels (P< 0.05).
SCM replacement did not significantly affect
the DM and ash content in the liver (P> 0.05).
Intestinal Digestive Enzymatic Activities
As shown in Figure 1, the activities of amy-
lase and trypsin in the intestine of crucian carp
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Table 3. Effect of substitution of fishmeal by a mixture of soybean meal and Chlorella meal on growth, feed utilization,
and morphological index of crucian carp.
Experimental diets
Item SCM0 SCM25 SCM50 SCM75 SCM100
IBW1 2.12± 0.02 2.08± 0.04 2.04± 0.02 2.05± 0.03 2.12± 0.04
FBW2 5.91± 0.05b 5.65± 0.20b 4.74± 0.07a 4.52± 0.04a 4.53± 0.09a
WGR3 179.0± 5.4b 171.3± 4.9b 132.4± 2.18a 120.2± 2.5a 113.9± 6.9a
SGR4 1.83± 0.03b 1.78± 0.03b 1.50± 0.02a 1.41± 0.02a 1.36± 0.06a
SR5 96.0± 2.3 98.7± 1.3 93.3± 1.3 97.3± 2.7 95.2± 1.0
FI6 6.73± 0.15bc 6.99± 0.11c 6.56± 0.14bc 6.28± 0.14ab 5.79± 0.15a
FCR7 1.77± 0.01a 1.97± 0.06a 2.43± 0.04b 2.55± 0.08b 2.41± 0.13b
PER8 1.53± 0.01b 1.38± 0.04b 1.11± 0.02a 1.06± 0.04a 1.11± 0.06a
HSI9 7.81± 0.22c 6.16± 0.10b 6.55± 0.22b 6.67± 0.07b 5.00± 0.22a
VSI10 13.48± 0.02b 12.22± 0.24ab 11.22± 0.45a 11.57± 0.29a 10.97± 0.32a
CF11 2.86± 0.05b 2.66± 0.05ab 2.62± 0.03a 2.61± 0.05a 2.56± 0.04a
Values are mean±SEM of three replicates and values within the same row with different letters are significantly different
among the treatments (P< 0.05).
1IBW (g/fish), initial mean body weight.
2FBW (g/fish), final mean body weight.
3WGR (weight gain rate, %)= 100× (FBW− IBW)/IBW.
4SGR (specific growth rate, %/d)= 100× (ln FBW− ln IBW)/d.
5SR (survival rate)= 100× (final fish number)/(initial fish number).
6FI (feed intake, g/fish): total amount of the dry feed consumed.
7FCR (feed conversion ratio)= (feed intake, g)/(final fish weight – initial fish weight+ dead fish weight, g).
8PER (protein efficiency ratio)= (weigh gain, g)/(protein intake, g).
9HSI (hepatosomatic index)= 100× (liver weight, g)/(body weight, g).
10VSI (viscerosomatic index)= 100× (viscera weight, g)/(body weight, g).
11CF (condition factor)= 100× (live weight, g)/(body length, cm)3.
Table 4. Effect of substitution of fishmeal by a mixture of soybean meal and Chlorella meal on proximate composition
(g/kg wet weight) of muscle and liver in crucian carp.1
Experimental diets
Composition (g/kg) SCM0 SCM25 SCM50 SCM75 SCM100
Muscle
Dry matter 248± 9b 237± 1ab 228± 1a 243± 1ab 233± 2ab
Crude protein 181± 2 177± 2 175± 3 181± 1 184± 1
Crude lipid 44.1± 2.6 40.7± 2.6 38.8± 1.4 41.8± 2.0 35.0± 0.8
Ash 10.5± 0.1 10.6± 0.6 10.1± 0.5 11.6± 1.1 12.0± 0.6
Liver
Dry matter 299± 10 311± 5 329± 14 327± 3 323± 6
Crude protein 72.8± 0.7a 86.0± 2.3bc 90.4± 2.8c 81.2± 0.5b 80.3± 0.7ab
Crude lipid 46.6± 1.0a 54.0± 1.0b 57.1± 1.9b 54.0± 1.8b 53.3± 1.6b
Ash 7.1± 0.4 7.5± 0.6 7.2± 0.4 7.3± 0.2 7.4± 0.2
1Values are mean±SEM of three replicates and values within the same row with different letters are significantly different
among the treatments (P< 0.05).
decreased with increasing dietary SCM substi-
tution levels (P< 0.05), but the values showed
no significant difference between the SCM25
group and the control group (P> 0.05). Dietary
SCM substitution did not significantly affect the
lipase activities in the intestine of crucian carp
(P> 0.05).
Apparent Digestibility Coefficients of Nutrients
In general, ADCs for DM, crude protein,
crude lipid, and energy showed no significant
differences between the control and SCM25
group, but higher replacement levels reduced
ADCs of DM, crude lipid, and energy (Fig. 2).
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Figure 1. Effect of substitution of fishmeal by a mixture of soybean meal and Chlorella meal (SCM) on the activities of
digestive enzymes in the intestine of crucian carp. Values are means± SEM of three replicates and different letters indicate
significant differences among groups (P< 0.05).
Figure 2. Effect of substitution of fishmeal by a mixture
of soybean meal and Chlorella meal (SCM) on appar-
ent digestibility coefficient (ADC) of experimental diets.
Values are means± SEM of three replicates and differ-
ent letters indicate significant differences among groups
(P< 0.05).
ADCs for AAs of experimental diets were shown
in Table 5. For most AAs, the ADC values in
the control group and the SCM25 group were
significantly higher than SCM50, SCM75, and
SCM100 groups (P< 0.05).
Histological Observation of Liver and Anterior
Intestine
Dietary SCM substitution showed no signifi-
cant effect on the size of hepatocytes (Fig. 3).
However, in the SCM50, SCM75, and SCM100
groups, some pathological changes were noted,
such as the disappearance of nuclear mem-
brane in some cells, karyopyknosis, and hep-
atocyte necrosis. Anterior intestine histologi-
cal examinations revealed no noticeable differ-
ences in the appearances of the intestines among
the five treatments (Fig. 4). All samples had a
similar appearance to intact intestinal mucosal
epithelium, with well-organized villi. The thick-
ness of tunica muscularis and the length of villi
were similar among all groups.
Discussion
In the present study, the mean SGR varied
between 1.36 and 1.83. Considering the native
slow growth performance of this species, the
growth performance in the present study seems
reasonable. Lower SGR has been published in
several studies, such as 0.78–1.17 (Cai et al.
2005), 0.74–0.99 (Cai et al. 2011), 1.20–1.39
(Cai et al. 2012), and 1.02–2.06 (Xie et al.
2001). The present study indicated that juvenile
crucian carp fed diets with more than 25% FM
replacement had significantly lower WGR and
SGR than those fed the other diets, indicating
that 25% FM could be replaced by a mixture
of SBM and CM. In this study, higher levels
of FM replacement led to growth reduction, in
line with several studies (Luo et al. 2011; Kader
and Koshio 2012). Similarly, Cai et al. (2012)
pointed out that dietary SBM replacement not
only retarded growth and nutrient utilization
but also produced health risks to crucian carp.
Tibaldi et al. (2006) reported that no adverse
effects on growth performance and nutrient
bioavailability of European sea bass, Dicentrar-
chus labrax, were observed when the SBM was
used to substitute 25% of FM in the diet, while
a marked depression of growth occurred when
the substitution level was up to 50%. The adverse
effect following SBM substitution might be due
to the unbalanced AA content and poor protein
bioavailability of SBM (Luo et al. 2004, 2011).
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Table 5. Effect of substitution of fishmeal by a mixture of soybean meal and Chlorella meal on the apparent digestibility
coefficient (ADC) of amino acids in diets (%).1
Experimental diets
ADCs SCM0 SCM25 SCM50 SCM75 SCM100
Essential amino acids (EAAs)
Met 95.1± 0.2c 95.8± 0.3c 91.6± 0.3b 87.6± 0.2a 88.4± 0.5a
Thr 94.8± 0.4c 95.1± 0.5c 91.2± 0.5b 88.5± 0.2a 88.5± 0.5a
Val 95.2± 0.5c 95.6± 0.6c 92.0± 0.5b 90.1± 0.1ab 88.2± 0.4a
Ile 95.3± 0.6c 95.6± 0.6c 92.4± 0.3b 90.9± 0.0ab 89.5± 0.4a
Leu 95.5± 0.5c 95.7± 0.5c 92.3± 0.4b 89.4± 0.1a 88.8± 0.5a
Phe 94.6± 0.3c 95.4± 0.6c 92.1± 0.3b 90.1± 0.1a 88.8± 0.5a
His 94.3± 0.3c 95.3± 0.4c 91.5± 0.4b 87.6± 0.4a 88.3± 0.5a
Lys 95.7± 0.4c 96.3± 0.3c 92.4± 0.2b 90.1± 0.1a 90.8± 0.4a
Arg 95.2± 0.2c 96.6± 0.4c 93.6± 0.4b 91.8± 0.2a 90.9± 0.4a
Nonessential amino acids (NEAAs)
Asp 94.8± 0.3c 95.4± 0.5c 91.9± 0.5b 90.6± 0.1ab 89.9± 0.5a
Glu 95.5± 0.4c 96.1± 0.4c 92.7± 0.5b 91.8± 0.1ab 90.5± 0.5a
Ser 94.4± 0.4c 94.9± 0.5c 91.8± 0.4b 88.7± 0.1a 89.1± 0.5a
Pro 94.5± 0.2b 93.9± 1.9b 91.9± 0.3ab 90.5± 0.1ab 89.6± 0.5a
Gly 94.6± 0.2c 95.6± 0.5c 91.7± 0.4b 88.7± 0.2a 88.8± 0.4a
Ala 95.1± 0.4c 95.5± 0.4c 91.3± 0.5b 88.5± 0.1a 88.3± 0.4a
Tyr 94.5± 0.3c 96.9± 0.4d 92.9± 0.3b 89.8± 0.0a 90.2± 0.3a∑
AA 95.0± 0.3c 95.7± 0.5c 92.2± 0.4b 90.1± 0.0a 89.5± 0.4a∑
EAA 95.2± 0.4c 95.8± 0.5c 92.3± 0.4b 89.9± 0.0a 89.3± 0.4a∑
NEAA 94.9± 0.3c 95.6± 0.5c 92.1± 0.4b 90.3± 0.1a 89.7± 0.5a
AA= amino acid.
1Values are mean±SEM of three replicates and values within the same row with different letters are significantly different
among the treatments (P< 0.05).
Figure 3. Liver histology of crucian carp fed with different experiment diets (stained with hematoxylin–eosin) (×200).
(A)–(E) represent different liver tissues from SCM0 to SCM100 group, respectively. he= hepatocytes, nu= hepatocyte
nucleus, bv= blood vessel, hn= hepatocyte necrosis, and k= karyopyknosis. In fish fed the SCM50, SCM75, and SCM100
diets, the nuclear membrane disappeared partly, and karyopyknosis and hepatocyte necrosis were also observed. [Color
figure can be viewed at wileyonlinelibrary.com].
Furthermore, ANFs in SBM may damage the
diet palatability and intestine health, resulting
in decreased FI and digestive-absorptive pro-
cesses (Francis et al. 2001; Tibaldi et al. 2006;
Cai et al. 2012). In contrast, Kissinger et al.
(2016) indicated that up to 80% of FM can be
replaced by soy protein concentrate (SPC) and
algal meal, without significantly affecting per-
formance or intestinal integrity of longfin yel-
lowtail. García-Ortega et al. (2016) reported that
at least 40% of marine protein sources can be
replaced by a blend of SBM, SPC, and algal
meal in diets for giant grouper. The differences
might be species dependent. The lower con-
tents of EAAs in higher dietary SCM levels may
restrict the high replacement level of SCM in
diets. Thus, it is understandable that CM in com-
bination with SBM will reduce the replacement
levels because SBM takes a high proportion in
the mixed protein sources used here, and CM
could not compensate for the negative impact
caused by the ANFs in SBM. Further research
needs to explore the more suitable mixed ratio
between SBM and CM.
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Figure 4. Foregut histology of crucian carp fed with different experiment diets after 6 wk (stained with hematoxylin–eosin)
(×100). (A)–(E) represent different foregut tissues from SCM0 to SCM100 group, respectively. VI= villi, TM= tunica
muscularis, CL= central lacteal, andGC= goblet cell. Samples had a similar appearance, such as intact intestinal mucosal
epithelium and well-organized villi. The thickness of tunica muscularis was similar among all groups. The morphological
characteristic of the foregut was not affected by the treatment. [Color figure can be viewed at wileyonlinelibrary.com].
In most studies, poor growth rates of fish fed
with plant protein–based diets were associated
with poor FI (Cabral et al. 2011), and FI was
greatly influenced by the palatability of diets
(Kader and Koshio 2012). In the present experi-
ment, FI showed an inverse relationship with FM
replacement levels, which indicated that mixed
CM and SBM protein sources may negatively
affect palatability. Similarly, Luo et al. (2011)
reported that FI of Chinese mitten crab, Eri-
ocheir sinensis, was significantly reduced when
dietary SBM and rapeseed meal exceeded 30%.
On the other hand, in this study, the increase
in FCR and reduction in PER were observed in
the group fed diets with high levels of SCM,
which suggested that high dietary SCM substi-
tution posed adverse effects on feed utilization
of crucian carp. Hence, with increasing dietary
SCM levels, the digestible protein intake and the
capacity of nutrient utilization decreased, which
partially explained the growth reduction.
In the present study, dietary SCM replacement
significantly influenced the lipid and protein
content in the liver. Similarly, Shi et al. (2015)
reported that dietary CM replacement signifi-
cantly affected the lipid and protein content in
the liver. Other studies reported that the lipid
content of whole body or muscle was also signif-
icantly affected with dietary FM replacement by
SBM or other plant protein blends (Kissil et al.
2000; Yang et al. 2015). Further studies pointed
out that SBM substitution in fish feeds influ-
enced lipid metabolism and deposition, as sug-
gested by Tibaldi et al. (2006). A previous study
also showed that dietary CM substitution caused
significant changes in several enzymatic activi-
ties related to lipid metabolism (Shi et al. 2015).
The digestive-absorptive processes of fish
depend on the activities of the digestive enzymes
in intestines, especially for crucian carp, a stom-
achless fish. Nutrient digestibility is one of
the most important aspects in evaluating the
suitability of feed ingredients for a specific
species (Luo et al. 2008). Therefore, diges-
tive enzymatic activities in the intestine and
digestibility are important factors to determine
the utilization of the feed (Akiyama et al. 1989;
Santigosa et al. 2008). In the present study,
digestive enzymatic activities in the intestine
tended to decline with increasing dietary SCM
levels. Similar depressive responses were also
noted in other studies with SBM replacement
(Krogdahl et al. 2003; Lin and Luo 2011). On
the other hand, ADCs for DM, crude protein,
crude lipid, and energy in the experimental diets
showed a similar trend with digestive enzymatic
activities in intestines. Digestibility is linked to
many factors, including the level of digestive
enzymes (Lemieux et al. 1999). Therefore,
the poor growth performance with high SCM
replacement might be partly due to the lower
nutrient digestibility and digestive enzymatic
activities, as suggested by Kader and Koshio
(2012). Krogdahl et al. (2003) reported that
trypsin activity decreased when dietary inclusion
levels of SBM exceeded 20–25%. The existence
of trypsin inhibitor and other ANFs in SBMmay
be an important reason in the decreased diges-
tive enzymatic activities, thereby contributing
to reduced growth of fish (Krogdahl et al. 2003;
Tibaldi et al. 2006; Lin and Luo 2011).
Histological change is an important aspect
in the understanding of pathological alterations
related to nutritional sources in fish. In the
present study, dietary SCM replacement caused
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some pathological changes in the liver, such as
the disappearance of nuclear membrane in some
cells, karyopyknosis, and hepatocyte necrosis.
These results were in line with previous stud-
ies on dietary SBM/CM substitution (Yamamoto
et al. 2010; Shi et al. 2015). These detrimen-
tal effects on liver histology of fish may be
attributable to the combined effect of the soy-
bean ANFs and unknown ANFs in CM, as
suggested by Iwashita et al. (2008) and Shi
et al. (2015). Several studies also reported that
high levels of SBM in diets caused patholog-
ical changes in the distal intestine histology:
a syndrome known as “SBM-induced enteri-
tis,” which may lead to a significant reduc-
tion in the activities of digestive enzymes and
adversely affect digestive-absorptive processes
of fish (Baeverfjord and Krogdahl 1996; Tibaldi
et al. 2006). However, in this experiment, the
histological examinations of the anterior intes-
tine did not show significant effects of dietary
inclusion of SCM.Cai et al. (2012) indicated that
some significant intestine histological changes
occurred only after 3 wk of feeding, and no sta-
tistically significant difference appeared after 8
wk of feeding, suggesting crucian carp may have
adapted to the SBM diet over time. Similarly, no
signs of enteritis or damage to the tissue integrity
were found when FM was replaced by SPC,
squid, and algal meals in diets for longfin yel-
lowtail, Seriola rivoliana (Kissinger et al. 2016).
In conclusion, based on growth performance,
nutrient utilization, digestive enzymatic activi-
ties, digestibility, andmorphology of the anterior
intestine, an SCM mixed protein can replace up
to 25% FM in the diets of crucian carp under the
experimental conditions of this study.
Acknowledgments
We thank the staff of the Panjin Guanghe
Crab Co., Ltd. for their logistic support during
this study. This work was financially sup-
ported by the Special Fund for Agro-Scientific
Research in the Public Interest, China (Grant
No. 201303053).
Literature Cited
Akiyama, D. M., S. R. Coelho, A. L. Lawrence, and E. H.
Robinson. 1989. Apparent digestibility of feedstuffs by
the marine shrimp Penaeus vannamei BOONE. Nippon
Suisan Gakkaishi 55:91–98.
AOAC (Association of Official Analytical Chemists).
1995. Official Methods of Analysis, 16th edition.
AOAC, Arlington, Virginia, USA.
Baeverfjord, G. and Å. Krogdahl. 1996. Development
and regression of soybean meal induced enteritis in
Atlantic salmon, Salmo salar L., distal intestine: a
comparison with the intestines of fasted fish. Journal of
Fish Diseases 19:375–387.
Cabral, E. M., M. Bacelar, S. Batista, M. Castro-Cunha,
R. O. A. Ozório, and L. M. P. Valente. 2011. Replace-
ment of fishmeal by increasing levels of plant protein
blends in diets for Senegalese sole (Solea senegalensis)
juveniles. Aquaculture 322:74–81.
Cai, X., L. Luo, M. Xue, X. Wu, and W. Zhan. 2005.
Growth performance, body composition and phospho-
rus availability of juvenile grass carp (Ctenopharyn-
godon idellus) as affected by diet processing and
replacement of fishmeal by detoxified castor bean meal.
Aquaculture Nutrition 11:293–299.
Cai, C.-F., E.-C. Li, Y.-T. Ye, A. Krogdahl, G.-M. Jiang,
Y.-L. Wang, and L.-Q. Chen. 2011. Effect of dietary
graded levels of cottonseed meal and gossypol on
growth performance, body composition and health
aspects of allogynogenetic silver crucian carp, Caras-
sius auratus gibelio♀ × Cyprinus carpio♂. Aquaculture
Nutrition 17:353–360.
Cai, C. F., W. J. Wang, Y. T. Ye, A. Krogdahl, Y. L.
Wang, Y. M. Xia, and C. G. Yang. 2012. Effect of
soybean meal, raffinose and stachyose on the growth,
body composition, intestinal morphology and intestinal
microflora of juvenile allogynogenetic silver crucian
carp (Carassius auratus gibelio♀×Cyprinus carpio♂).
Aquaculture Research 43:128–138.
Cai, C., L. Song, Y. Wang, P. Wu, Y. Ye, Z. Zhang,
and C. Yang. 2013. Assessment of the feasibility of
including high levels of rapeseed meal and peanut
meal in diets of juvenile crucian carp (Carassius aura-
tus gibelio♀×Cyprinus carpio ♂): Growth, immu-
nity, intestinal morphology, and microflora. Aquacul-
ture 410–411:203–215.
Chen, Q. L., Z. Luo, J. L. Zheng, X. D. Li, C. X. Liu,
Y. H. Zhao, and Y. Gong. 2012. Protective effects of
calcium on copper toxicity in Pelteobagrus fulvidraco:
copper accumulation, enzymatic activities, histology.
Ecotoxicology and Environmental Safety 76:126–134.
Francis, G., H. P. S. Makkar, and K. Becker. 2001. Antin-
utritional factors present in plant-derived alternate fish
feed ingredients and their effects in fish. Aquaculture
199:197–227.
García-Ortega, A., K. R. Kissinger, and J. T. Trushenski.
2016. Evaluation of fish meal and fish oil replacement
by soybean protein and algal meal from Schizochytrium
limacinum in diets for giant grouper Epinephelus lance-
olatus. Aquaculture 452:1–8.
Gatlin, D. M., F. T. Barrows, P. Brown, K. Dabrowski,
T. G. Gaylord, R. W. Hardy, E. Herman, G. Hu,
A. Krogdahl, R. Nelson, K. Overturf, M. Rust, W.
780 SHI ET AL.
Sealy, D. Skonberg, E. J. Souza, D. Stone, R. Wil-
son, andE.Wurtele. 2007. Expanding the utilization of
sustainable plant products in aquafeeds: a review. Aqua-
culture Research 38:551–579.
Goytortúa-Bores, E., R. Civera-Cerecedo, S.
Rocha-Meza, and A. Green-Yee. 2006. Partial
replacement of red crab (Pleuroncodes planipes) meal
for fish meal in practical diets for the white shrimp
Litopenaeus vannamei. Effects on growth and in vivo
digestibility. Aquaculture 256:414–422.
Gui, D., W. Liu, X. Shao, and W. Xu. 2010. Effects
of different dietary levels of cottonseed meal protein
hydrolysate on growth, digestibility, body composition
and serum biochemical indices in crucian carp (Caras-
sius auratus gibelio). Animal Feed Science and Tech-
nology 156:112–120.
Guo, R., Y. J. Liu, L. X. Tian, and J. W. Huang. 2006.
Effect of dietary cornstarch levels on growth perfor-
mance, digestibility and microscopic structure in the
white shrimp, Litopenaeus vannamei reared in brackish
water. Aquaculture Nutrition 12:83–88.
Hardy, R. W. 2010. Utilization of plant proteins in fish
diets: effects of global demand and supplies of fishmeal.
Aquaculture Research 41:770–776.
Hardy, R. W. and A. G. J. Tacon. 2002. Fish meal: his-
torical uses, production trends and future outlook for
sustainable supplies. Pages 311–325 in R. R. Stickney
and J. P. McVey, editors. Responsible marine aquacul-
ture.
He, Y., X. Hua, C. Kong, Z. Wu, X. Chen, W. Zhu,
J. Jiao, and Z. Zhou. 2014. Effects of the replace-
ment of soybean meal by co-products of Chlorella on
Litopenaeus vannamei growth performance, nitrogen
and phosphorus loading. Journal of Fisheries of China
38:1538–1547 (in Chinese with English abstract).
Hemaiswarya, S., R. Raja, R. Ravi Kumar, V. Ganesan,
and C. Anbazhagan. 2011. Microalgae: a sustainable
feed source for aquaculture. World Journal of Microbi-
ology and Biotechnology 27:1737–1746.
Hu, M., Y. Wang, Q. Wang, M. Zhao, B. Xiong, X.
Qian, Y. Zhao, and Z. Luo. 2008. Replacement of
fish meal by rendered animal protein ingredients with
lysine and methionine supplementation to practical
diets for gibel carp, Carassius auratus gibelio. Aqua-
culture 275:260–265.
Huo, S., Z. Wang, S. Zhu, W. Zhou, R. Dong, and Z.
Yuan. 2012. Cultivation of Chlorella zofingiensis in
bench-scale outdoor ponds by regulation of pH using
dairy wastewater in winter, South China. Bioresource
Technology 121:76–82.
Iwashita, Y., T. Yamamoto, H. Furuita, T. Sugita, and N.
Suzuki. 2008. Influence of certain soybean antinutri-
tional factors supplemented to a casein-based semipuri-
fied diet on intestinal and liver morphology in fingerling
rainbow trout Oncorhynchus mykiss. Fisheries Science
74:1075–1082.
Kader, M. A. and S. Koshio. 2012. Effect of composite
mixture of seafood by-products and soybean proteins in
replacement of fishmeal on the performance of red sea
bream, Pagrus major. Aquaculture 368:95–102.
Kim, K. W., S. C. Bai, J. W. Koo, and X. Wang. 2002.
Effects of dietary Chlorella ellipsoidea supplementa-
tion on growth, blood characteristics, and whole-body
composition in juvenile Japanese FlounderParalichthys
olivaceus. Journal of the World Aquaculture Society
33:425–431.
Kissil, G. W., I. Lupatsch, D. A. Higgs, and R. W. Hardy.
2000. Dietary substitution of soy and rapeseed protein
concentrates for fish meal, and their effects on growth
and nutrient utilization in gilthead seabream Sparus
aurata L. Aquaculture Research 31:595–601.
Kissinger, K. R., A. García-Ortega, and J. T. Trushen-
ski. 2016. Partial fish meal replacement by soy protein
concentrate, squid and algal meals in low fish-oil diets
containing Schizochytrium limacinum for longfin yel-
lowtail Seriola rivoliana. Aquaculture 452:37–44.
Krogdahl, Å., A. M. Bakke-McKellep, and G. Baever-
fjord. 2003. Effects of graded levels of standard soy-
bean meal on intestinal structure, mucosal enzyme
activities, and pancreatic response in Atlantic salmon
(Salmo salar L.). Aquaculture Nutrition 9:361–371.
Lemieux, H., P. Blier, and J. D. Dutil. 1999. Do diges-
tive enzymes set a physiological limit on growth rate
and food conversion efficiency in the Atlantic cod
(Gadus morhua) ? Fish Physiology and Biochemistry
20:293–303.
Li, Y., Q. Ai, K. Mai, W. Xu, J. Deng, and Z. Cheng. 2014.
Comparison of high-protein soybean meal and com-
mercial soybean meal partly replacing fish meal on the
activities of digestive enzymes and aminotransferases
in juvenile Japanese seabass, Lateolabrax japonicus
(Cuvier, 1828). Aquaculture Research 45:1051–1060.
Lin, S. and L. Luo. 2011. Effects of different levels of
soybean meal inclusion in replacement for fish meal
on growth, digestive enzymes and transaminase activ-
ities in practical diets for juvenile tilapia, Oreochromis
niloticus×O. aureus. Animal Feed Science and Tech-
nology 168:80–87.
Liu, C. X., Z. Luo, X. Y. Tan, and S. Y. Gong. 2013. Onto-
genetic development of the digestive system in agastric
Chinese sucker,Myxocyprinus asiaticus, larvae. Journal
of the World Aquaculture Society 44:350–362.
Luo, Z., Y. J. Liu, K. S. Mai, L. X. Tian, D. H. Liu, and X.
Y. Tan. 2004. Partial replacement of fish meal by soy-
bean protein in diets for grouper Epinephelus coioides
juveniles. Journal of Fisheries of China 28:175–181.
Luo, Z., X. Y. Tan, Y. D. Chen,W.M.Wang, andG. Zhou.
2008. Apparent digestibility coefficients of selected
feed ingredients for Chinese mitten crab Eriocheir
sinensis. Aquaculture 285:141–145.
Luo, Z., X. D. Li, W. M. Wang, X. Y. Tan, and X. Liu.
2011. Partial replacement of fish meal by a mixture
of soybean meal and rapeseed meal in practical diets
for juvenile Chinese mitten crab Eriocheir sinensis:
effects on growth performance and in vivo digestibility.
Aquaculture Research 42:1615–1622.
FISHMEAL REPLACEMENT FOR CRUCIAN CARP 781
Olsen, R. L. and M. R. Hasan. 2012. A limited supply of
fishmeal: Impact on future increases in global aquacul-
ture production. Trends in Food Science and Technol-
ogy 27:120–128.
Ren, M., H. M. Habte-Tsion, J. Xie, B. Liu, Q. Zhou,
X. Ge, L. Pan, and R. Chen. 2015. Effects of
dietary carbohydrate source on growth performance,
diet digestibility and liver glucose enzyme activity in
blunt snout bream,Megalobrama amblycephala. Aqua-
culture 438:75–81.
Santigosa, E., J. Sánchez, F. Médale, S. Kaushik, J.
Pérez-Sánchez, and M. A. Gallardo. 2008. Modifi-
cations of digestive enzymes in trout (Oncorhynchus
mykiss) and sea bream (Sparus aurata) in response to
dietary fish meal replacement by plant protein sources.
Aquaculture 282:68–74.
Shi, X., Z. Luo, C. Huang, X. M. Zhu, and X. Liu. 2015.
Effect of fish meal replacement by Chlorella sp. on
growth performance, body composition, hepatic lipid
metabolism and histology in crucian carp Carassius
auratus. Acta Hydrobiologica Sinica 39:498–506 (in
Chinese with English abstract).
Silva, F. C. P., J. R. Nicoli, J. L. Zambonino-Infante, M.
M. Le Gall, S. Kaushik, and F. J. Gatesoupe. 2010.
Influence of partial substitution of dietary fish meal
on the activity of digestive enzymes in the intestinal
brush border membrane of gilthead sea bream, Sparus
aurata and goldfish, Carassius auratus. Aquaculture
306:233–237.
Spolaore, P., C. Joannis-Cassan, E. Duran, and A. Isam-
bert. 2006. Commercial applications of microalgae.
Journal of Bioscience and Bioengineering 101:87–96.
Tibaldi, E., Y. Hakim, Z. Uni, F. Tulli, M. de Francesco,
U. Luzzana, and S. Harpaz. 2006. Effects of the par-
tial substitution of dietary fish meal by differently pro-
cessed soybean meals on growth performance, nutri-
ent digestibility and activity of intestinal brush bor-
der enzymes in the European sea bass (Dicentrarchus
labrax). Aquaculture 261:182–193.
Vizcaíno, A., G. López, M. Sáez, J. Jiménez, A. Barros,
L. Hidalgo, J. Camacho-Rodríguez, T. Martínez,
M. Cerón-García, and F. Alarcón. 2014. Effects of
the microalga Scenedesmus almeriensis as fishmeal
alternative in diets for gilthead sea bream, Sparus
aurata, juveniles. Aquaculture 431:34–43.
Wang, J., Q. Tao, Z. Wang, K. Mai, W. Xu, Y. Zhang,
and Q. Ai. 2016. Effects of fish meal replacement by
soybean meal with supplementation of functional com-
pound additives on intestinal morphology and micro-
biome of Japanese seabass (Lateolabrax japonicus).
Aquaculture Research . DOI: 10.1111/are.13055.
Wu, Y., W. B. Liu, H. Y. Li, W. N. Xu, J. X. He, X.
F. Li, and G. Z. Jiang. 2013. Effects of dietary sup-
plementation of fructooligosaccharide on growth per-
formance, body composition, intestinal enzymes activ-
ities and histology of blunt snout bream (Megalo-
brama amblycephala) fingerlings. Aquaculture Nutri-
tion 19:886–894.
Xie, S., X. Zhu, Y. Cui, and Y. Yang. 2001. Utilization of
several plant proteins by gibel carp (Carassius auratus
gibelio). Journal of Applied Ichthyology 17:70–76.
Xu, W., Z. Gao, Z. T. Qi, M. Qiu, J. Q. Peng, and
R. Shao. 2014. Effect of dietary Chlorella on the
growth performance and physiological parameters of
gibel carp, Carassius auratus gibelio. Turkish Journal
of Fisheries and Aquatic Sciences 14:53–57.
Yamamoto, T., Y. Iwashita, H. Matsunari, T. Sugita,
H. Furuita, A. Akimoto, K. Okamatsu, and N.
Suzuki. 2010. Influence of fermentation conditions
for soybean meal in a non-fish meal diet on the
growth performance and physiological condition of
rainbow trout Oncorhynchus mykiss. Aquaculture 309:
173–180.
Yang, Y. H., Y. Y. Wang, Y. Lu, and Q. Z. Li. 2011. Effect
of replacing fish meal with soybean meal on growth,
feed utilization and nitrogen and phosphorus excretion
on rainbow trout (Oncorhynchus mykiss). Aquaculture
International 19:405–419.
Yang, Q., B. Tan, X. Dong, S. Chi, and H. Liu. 2015. Effect
of replacing fish meal with extruded soybean meal on
growth, feed utilization and apparent nutrient digestibil-
ity of juvenile white shrimp (Litopenaeus vannamei).
Journal of Ocean University of China (Oceanic and
Coastal Sea Research) 14:865–872.
